


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1976-06 


Design and construction of an iodine laser oscillator. 


Marcell, Frederick Charles Jr. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/17722 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
i (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 






DESIGN AND CONSTRUCTION OF 
AN IODINE LASER OSCILLATOR 


Frederick Charles Marcel] 
















ow ax LIBRARY - 
ok - onc ne Ss sco 
sm CRF oa A 93 














NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





DESIGN AND CONSTRUCTION OF 

AN MIOMUINE UASER OSCILLATOR 
by 

BPrederick Charles Marcell Jr. 


June 1976 


Thesis Advisor: F. R. Schwirzke 





Approved for public release; distribution unlimited. 


1175010 





Un@lassia tied 
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


REPORT DOCUMENTATION PAGE 


. REPORT NUMBER 2. GOVT ACCESSION NO 


4 TITLE (and Subtitie) 


Design and Construction of 
an Iodine Laser Oscillator 








READ INSTRUCTIONS 
BEFORE COMPLETING FORM 


S. TYPE OF REPORT & PERIOO COVERED 


Master's Thesis; 
une 1976 


6. PERFORMING ORG. REPORT NUMBER 



















7. AUTHOR(e) 8 CONTRACT OR GRANT NUMBER(e) 






Frederick Charles Marcell Jr. 
















10. PROGRAM ELEMENT, PROJECT. TASK 
AREA & WORK UNIT NUM@ERS 


12. REPORT OATE 
June 1976 


18. SECURITY CLASS. (of thta réport) 


Unclassified 


Sa. DECLASSIFICATION/ OOWNGRADING 
SCHEOULE 


Approved for.public release; distribution unlimited. 


9. PERFORMING ORGANIZATION NAME ANDO AOORESS 


Naval Postgraduate School 
Monterey, California 93940 













CONTROLLING OFFICE NAME ANDO AOORESS 


Naval Postgraduate School 
Monterey, California 93940 







4. MONITORING AGENCY NAME & ADORMESS(I! dtiterent from Controfling Office) 


Naval Postgraduate School 
Monterey, California 93940 
















. DISTRIBUTION STATEMENT (of thle Report) 












- DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different trom Report) 


- SUPPLEMENTARY NOTES 


- KEY WORDS (Continue on reverae aide if necessary and identify by block number) 


PHoeeaissociation laser 
Gas laser 

Todine laser 

Chemical laser 


. ABSTRACT (Continue on reveree aide if neceesary and identify by block mumber) 


PeSeinpm@emochemnrcal dissociation gas laser oscillator 
hoacebecenmeemstmmeted fOr use in the study of laser character- 
istics, energy extraction techniques, and plasma production. 
It operates with a mixture of perfluorinated-propyliodide and 
argon as an active medium. The laser is pumped by ultraviolet 
light in a 500 A wide band centered around 2680 A. The light 
is produced by passing a large electric current through two 










DD ion 7s 1473. EDITION oF 1 Nov 6818 OBSOLETE 


(Page 1) S/N 0102°014- 6601 | 


S 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


i} 





SECURITY CLASSIFICATION OF THIS PAGEWhen Deta Entered. 





parallel-mounted xenon-filled flashtubes, and causes excitation 
Gee e Gen mor ccuic which dissociates to a radical [C,F,] and 
iodine [I*] in the state I(?P,,,). The resulting forbidden 
magnetic dipole transition I(*P,/,) + I(?P,/,) produces laser 
action at wavelength A = 1.315 um. The laser uses a hemo- 

SC OcdMmomimledimcavyity. It consists of a spherical mirror 
VeeimcmmddiWomOrel.s m and reflectance of ~~ 98% and a planar 
mirror with a reflectance of ~ 75% separated by © 86 cm. 

Design considerations predict a pulsed output in the range of 
1-10 millijoules in a pulse length of ZO See 1oX va puUMNp Ing 
energy of v 300 to 400 joules. 


DD Form. 1473 


- an 3 
S/N 0102-014-6601 SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered) 





Design and Construction of 
an Iodine Laser Oscillator 


by 


Frederick Charles Marcell Jr. 
Lieutenant, United States Navy 
PopeeUmiversity of Colorado, 1970 


Submitted in partial fulfillment of the 
requirements for the degree of 


MAS ERwOr Soe le NCE IN PHYSICS 


from the 


NAVAL POSTGRADUATE SCHOOL 


June 1976 





ABSTRACT 


A small photochemical dissociation gas laser oscillator 
has been constructed for use in the study of laser character- 
Peles mmeneney Extraction techniques, and plasma production. 
memaperates with @ mixture of perfluorinated-propyliodide and 
argon as an active medium. The laser is pumped by ultraviolet 
ieent in a 500A wide band centered around 2680A. ae Set 
MomprOducea by passing a large electric current through two 
Perce l-mountcea xenon-filled flashtubes, and causes excita- 
imnem of the C.F_] ie FCuMlemWwittTeneaissociates to a radical 
[C.F .] nacemnocdine |1*| > an the state 1(°P,). The resulting 
forbidden magnetic dipole transition meh) > eee) produces 
Waser action at wavelength A = 1.315 um. The Bess uses a 
femreonmtocal Optical cavity. It consists of a spherical 
mirror with a radius of 1.5 m and reflectance of ~ 98% and 
eeolanar Mirror with a reflectance of ~% 75% separated by 
Peooewcm. Design considerations predict a pulsed output in 
the range of 1-10 millijoules in a pulse length of ~ 2-10 nsec 


for a pumping energy of 1300 to 400 joules. 
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Poe eR ODUCT LON 


MitemvOnwerstmie tirst phase of a project at NPS to study 
Mmmemenardetchistics, energy extraction techniques, and appli- 
Cation to plasma production of a high power, short pulse, 
Todine-photodissociation gas laser (PDL). This report con- 
Semis adesign, construction, and preliminary testing of an 
meee laser oscillator. N-heptafluoropropyliodide (or 
perfluoropropyliodide) (CFT) gas buffered with argon is to 
be used as the lasing medium. Interest in this area stems 
from current work in progress at some of the major labora- 
tories [3] around the world where the iodine laser is being 


Studied in connection with laser fusion experiments. 


A. BACKGROUND 

The first laser pumped by photodissociation was developed 
by Jerome Kasper and George Pimentel at the University of 
California at Berkeley in 1964 [1]. Laser action was observed 
during flash photolysis of gaseous trifiuoromethyliodide 
(CF.I), and other alkyl iodide compounds. CF. was photolyzed 
in a wave band about 500 A wade wand €entered about 26380 Ae 
Menor ated emission resulted on the or os “Ps magnetic 
pO lemenansition Of atomic iodine. This eer on GOnEeC- 
sponds to a wave length of 1.315 micrometers [1,4]. Kasper 
and Pimentel found that the photodissociation produced abundant 


excited iodine atoms in the a excited state according to the 


i 
2 





fomebowineg reaction: 


ene CE. + I(°P,). ae 
3 3 2 


Miemtorbladen tranSition from this excited state to the 


EP, 1s 
By 


1(7P,) + 1(°P3) + hv (1-2) 
2 2 


laser 


Although previous works had dealt with similar compounds 
fe.c., CHI) [5], no studies had’been made for photolysis of 
CFI. VI creanaeramemeclL Observed that the laser output is 
jf mendent upon the pressure of the lasing medium and that 
meanone quenching Occurs which terminates the reaction before 
full energy is extracted from the laser. A short time follow- 
ing their first paper, Kasper, Parker, and Pimentel reported 
Mieteanprupt laser quenching prior to termination of the pumping 
midoi is due to an increase in temperature [6]. They found 
meeeeeby Fowering L£lash energy, quenching is prevented. Fur- 
thermore, they discovered that the addition of an inert buffer 
Peet argon or CoP), Prevents mlOW Lemmerabture quenching. 
GeIwever, they noted also that the introduction of I, vapor 
into the lasing medium increases the quenching problem. 

Pointe wrasecr OUtLpUL aS 2a function of pressure in the 
lasing medium was measured by Pollack [2] in 1965. He 
Sree Tcemamemeeny cor decount for this dependence. According 
tomer o llae ke: 

"The decay of the atomic iodine population is due almost 


mire LO fecombination into iodine,molecules in a 
Mimrcoomnocvemnuecess. The lifetime, [ , typically tens 


10 





of microseconds, depends on the pressure of atomic 
Poetic manameene pressure and nature of the "third body" 
species. Molecular iodine is a very effective third 
body and f[ increases as more I7 is formed... In addition 
to photodissociative decay the undissociated molecules 
possibly decay through temperature dependent chemical 
meackmonms....'' [2] 


The decay rate he discussed is given by 
r= N% kjn; teat oO G3 ) 


where k, fmenec medetaon race of the jG recombination process, 
n, is the corresponding number of third body molecules, and N 
is the unsaturated effective inversion for the iodine. N is 
a function of the difference in statistical weights between 
the two states of iodine as well as time [2]. The relation 
(1-3) for the decay rate of iodine is a composite which 
includes the reaction rates of all the dynamic processes in 
—Ehne entire reaction. 

Later, Kasper et al. [1,6] and Zalesskii and Venediktov 
i7] suggested that rapid heating of the laser gas results 
from collisional deexcitation when an iodine laser is pumped 


Z 


to produce the ee ue) twist onwe At hteh Cemperatures 
2 


2 
the controlling process becomes thermal dissociation rather 
tiameonmotodisSsoclation. In thermal dissociation only unex- 
Cited iodine atoms are formed. This thermal dissociation 
process is known as pyrolysis. 

Zalesskii and Moskalev in 1969 [8] reported having 
optically probed into the processes attendant to laser action. 


A pulsed beam of monochromatic light was focused through a 


narrow pass filter and into the iodine lasing medium, and 


11 





photon absorption was measured as a function of temperature. 
The probing radiation was in the form of a flat-top pulse up 
meme UU-400 ysec long in a narrow band (20 to 40 A) Wake a Tt 
@eewabsoOrption region of Jodine (+ 2600 A through 3000 A). 
The light passing through the active medium carries informa- 
feomeabout (1) variation in concentration of the working gas 
Memecules (pyrolysis and photodissociation); (2) heating of 
the active medium resulting in deformation of the absorption 
band; (3) new products capable of absorption in this region 
of the spectrum. The experiment showed that pyrolysis occurs 
when heating of the active medium is sufficiently rapid. The 


mempetature dependence of the recombination rate k, of the 


4 


process is proportional to exp(-Eg/RT) where E, is the 


activation energy and is reported to be close to the free 


Keaal 


energy AH of the pumping reaction (AH = 57 ope 


@ 400° K), 





Ris the universal gas constant, (R = 1.9872 cal/(mole deg)), 
fae! 1S the kelvin temperature. Formation of molecular 
19dine was also found to occur. The experiment was signifi- 
cant in that it showed quenching in CF.1 Sects CONncurrentiy 
with the onset of pyrolysis. However, it was established 
Uamemene addition of a sufficient quantity of argon to CF.1 
(O21) prevented the “pyrolytic” temperature from being 


PeiGit@m——inespynTOolhytae Lemperature iS given by 


TU, = Ea/R In (A/2y) (1-4) 


where A is the Einstein coefficient (A = 10?%sec™!) and 
is the coefficient of the exponential term in the 
decay rate expression (k(T) = A exp (E,4/RT)) 


ite 





Vosmee Pmepapilicy eon photodissociation 
Cagiiereoex 10s asec ® ) 


Pei eemactivation energy (Ea=AH=57 kcal/mole @ 400°K) 


Inserting the given numbers in equation (1-4), one arrives 
aoe, = eciweeewiiten is bDOrn OUt by Zalesskii [8]. y is a 
femetionm OL temperature and time. The addition of Argon gas 
to CF.1 slows the rate of temperature increase in the lasing 
Meso Ghat the critical temperature 1s approached more slowly. 
Quenching due to pyrolysis is thus delayed. 

Pollack [2] found that the use of a larger molecule CFI 
yields twice the energy that CF21 yields. Zalesskii and 
Meeealey (S| contirmed®Pollack's finding. They concluded that 
Mmeme is 2d Silonmiticant difference in the degree of pyrolytic 
decomposition of CzFo1 GOmMparedmto CF.1. This means there is 
Messe wear’ on the lasing gas when CFI feused., Furthermore, 
the low degree of working gas decomposition is probably due 
Gemeine larger (by a factor of 2) thermal capacity of CzFo1 


CE ~ 34 cal/mole; C ~ 17 cal/mole). The CzFo1 


er 7 I ober 
molecules have a larger physical size and therefore a higher 
photon-absorption cross-section. They exhibit the pyrolytic 
effect at a higher degree of dissociation of working gas than 
Oe Sete le 
» 

ie hor obneeadtov et al. [9] also studied the photolysis 
reaction which occurs in perfluorinated-propyliodide (CFI) 
compounds. In the study they calculated the recombination 


rate ky (eqn 1-3) for the recombination reaction using CzFo1 


(eqn 1-8). They further discovered the quenching mechanism 


i 





el CF] to be a temperature dependence of the rate constant 
in the recombination reaction. At photon flux densities 

greater than 10** photons/cm*-sec, in the iodine absorption 
band, the temperature of the working gas goes as high as 600 
to 800°K. In this range the reaction rate Ky for the recon- 
bination reaction forming CF. is 100 times greater than Ke 


for the reaction in which I, (eqn 1-10) is formed [9]. As 


shown earlier, i at which onset of pyrolysis occurs is about 


800°K. 
CEA) 
CFs pissi i ic 
j , E . 
Y A S 
A l ky ‘ LASER 
4& rt DEACTIVATION 
(j ko 
I , VMS | 
CF 6 
Cofs 


ithe lueeeeochematre Representation or: the Typical 
Dissociation, Recombination and Lasing 
Processes in CF.I. 
Therefore, the increased rate of recombination near the onset 
memperdture Of pyrolysis depopulates the excited state faster 
ciaielewean be pumped, and lasing ceases. See Figure l. 
One solution to quenching is to lower input flash energy. 
. But that lowers the power output. As mentioned before, another 
PomMitiomecmtomcddd sasbutrer @as, argon, to prevent pyrolysis, 
MUmeomuscetheslarpger molecule, C FOI. This molecule is 


particularly suitable because it has almost complete 


14 





memeonsipality tor the photodissociation process [14]. Hohla 
and Kompa have reported [14] up to 100 shots per fill using 
CzF1-Ar as their working gas. 

Paeceicewommeuses almost exclusively perfluorinated 
propyliodide compounds as a laser working gas. It has been 
reported [10,11] that because of the long lifetime (170 ms) 
mene metastable state I Cane lodine would be well suited 
femetant pulse laser ere... iheaniaswbeene shown (l4iy that 
conditions can be found where there are no chemical limita- 
tions to the accumulation and storage of sizeable densities 
Gueeexcited iodine atoms. 

Energy output of the oscillator is a pulse whose length 
depends on the number of frequencies contained in it. The 
pulse length is a function of the bandwidth of the laser 
transitions. Zeuv et al. [10} resolved the iodine luminescence 
eGerum ifeo Sax hyperfine Structural components. The lumin- 
Peecmee Line width, when any gas 1S under pressure, is governed 
ieecOoppler and collision broadening. Under pressure, the sharp 
feme-aerined line of natural width no longer exists. The 
are ries oressune Ot d@ gas al a given temperature, the more 
frequent become the collisions between atoms. At high pres- 
SUreS Spectral broadening becomes increasingly more dependent 
on molecular collisions. JZeuv et al. [10} and Hohla et al. 

PES GepOmmed that at CFo1 pressures greater than 20 torr, 
pressure broadening dominates doppler broadening. Thus, laser 
Tp Iii becomes directly proportional to laser gas 


pressure. The minimum possible pulse length is a function of 


iS 





Milewrange Of frequencies (i1.e., bandwidth) present in the 
met etgansttions and 1s therefore directly proportional to 
mar eeasmpmressures greater than 20 torr (Fig. 2, 3). Thus, 
pulse width can be regulated in the iodine laser by addition 
of a buffer gas such as argon to the working gas to build 
Pieessures tO greater than 20 torr. With increasing gas 
muesoure, the atomic transition linewidth increases, thus 


increasing the range of possible laser frequencies in the 


eutput pulse. 


[nsec] 


PULSE LENGTH 


20 60 #100 200 300 
PRESSURE (CFJ/) {torr] 


FIG. 2. This curve shows Pulse Length as a 
Function of Laser Gas Pressure [18] 
Diemonmmence mal ore problems presently confronting experi- 
menters is how to extract more energy from the iodine laser 
in its pressure-controllable short pulse mode. In 1972 Hohla 
and Kompa [14] speculated that a scheme for pulse compression 
Peciomampantrer schainm might result in very nearly full 


extraction of stored energy from the laser. These results 


6 





gould be accomplished by operating the first amplifier in an 
"overshoot" region which is explained by Hohla and Kompa 
[14] as follows: "This type of operation is possible with 
fast pumping and judicious control of optical feedback: The 
[MaeensiOn iS increased above threshold by fast pumping, and 
the oscillator pulse is switched on before self-oscillation 
reduces population inversion." In this scheme, amplifier 
meme can be increased at the top of “overshoot,” thus lower- 
Pe memoninput cmergy required for saturation. Using a first 
seace OL amplification operated in this "overshoot" region 
with a gain of 200, and a second stage pumped more slowly 
feeeiea fain Of 6, experiments performed by Hohla and Kompa 
[14] showed that almost all energy pumped into the excited 
BmomseOr theslaser could be extracted. They speculated that 
Mimemetre Ciain ot amplifiers operated in the "overshoot" 
région would probably avoid the need for optical isolators 
bemwech amplifier stages. 

Reeonely Jonesy sralmers=and Franklin reported [13] on 
—melcwmrledine lasecmmescillapouseperating with a 150 pico-second 
Plueccmbomecne and 5 Millijoules of output power. The oscillator 
is simultaneously Q-switched and mode locked and the flashlamps 
Peomelsenaimecd In parallel] to eliminate magnetic field effects 
PmeenTemeasimeemedqium., i Ihe laser is operated at a high pressure 
(Gee Gu00 torr) using C,FI-Ar mixture with the C.F partial 
pumessime Mela constant at less than 125 torr.! The use of 

1 It was observed that energy content of the output pulse 
Zoe ero to tie amount of ©zF71 contained in the lasing 
foinemedtaimeomtnat the Maxture is optically thin to flashlamp 
Pumeence but ate@sr7i partial pressure greater than 125 torr 


the energy content of the output pulse decreases with total 
Peccourewinerease. {13] 17 





high pressure exploits fully the adjustable pulse length 
Beature Of the iodine taser as a function of gas pressure 
Meee). Lt 15 expected that pulses of approximately pico- 
second width and peak energies of 10* joules are required to 
peeauce "break-even" laser fusion reactions. Some observers 


feel that the iodine laser will suit this requirement. 


(psec )x 10? 


PULSE WIDTH 





TOTAL CELL PRESSURE (x 102 torr) 


EeGeae) . 


Cpeiecal pimMpang in most of the existing iodine laser 
systems is accomplished by discharging a high current through 
a Xenon flash tube. Other schemes have been tried with good 
resuits. In 1974, Silfvast, Szeto, and Wood succeeded in 
pulp wiierodamliemtaser With ultraviolet light from a xenon 
plasma produced by a pulsed CO, ioctl icy compared this 


scheme to the usual flashlamp pumping method and reported 


18 





Pecieeiat +On te Same input energy the laser-produced plasma 
Pumping Scheme produces a shorter, sharper-rising laser output 
at X} = 1.3515 pm than does the flashlamp scheme. In the study 
mie OUCpUt from a TEA CO, laser was focused onto an aluminum 
Meee t inside a cell filled with xenon gas. A plasma was 
memmed in the xenon gas adjacent to a quartz tube containing 
C.F_I. A polished aluminum sheet wrapped around the quartz 


jibe acted both as a target for the CO, laser and as a col- 


2 
meron tOr theUyY radiation. For comparison, a flashlamp with 
approximately the same dimensions as the laser-produced plasma 
was mounted adjacent to the quartz tube and discharged via an 
eeeetrical pulse of comparable duration to the CO, lase. soUlse. 
Both the CO, feo sc nand tie seoleGurtediedischiarge pulse 
ieamene same Cnergy input per unit length. The radiative 
Gumeuts trom both the laser-produced plasma and the electrical 


discharge were monitored. The laser-produced plasma/flashlamp 


DuMpiIne scheme 25 Shown in Fig. 4. 






QUARTZ 
et LASER 
F WITH CFI 
FOCUSED 
FLASHLAMP 10.6 ym 
BEAM 
Xe PLASMA POLISHED 
a Al SHIELD 
: : CYLINDRICAL 
radiation nN] LENS rottiae 
GLASS 
ad CELL OR PLASMA 
CYLINDRICAL 
LENS 
NaCl WINDOW 
FIG. 4. Scheme for Comparing Photodissociation by Flashlamp 


wien that Produced by Radiation from Laser-Produced 
Plasma. [16] 
19 





Silfvast and Wood had investigated the heating of a xenon 
plasma in an earlier work [20]. They discovered a vast dif- 
ference in the spectral radiance curves ome semen tiie 
range of wavelengths from 250 to 350 nm when the xenon plasma 
was produced by a laser instead of an electrical discharge. 
Iodine is pumped in this band. So when pudseVias 6, SZouom sand 
Wood [16] later experimented with the CO, aSset ere ducadt 
plasma to pump an iodine laser, they expected to find greater 


intensity in the output pulse. Their expectations were con- 


firmed. 






laser produced plasma 
---~--d-c heated plasma 








(watts/mm?-—ster— nm) 


SPECTRAL RADIANCE 


20 25 30 35 40 45 50 
WAVELENGTH * 10 (nm) 


meGoemmopectral radiance as a function of wavelength 
produced by 0.8-J/cm input energy for a laser- 
Pmodhcedenlasma (50 Torr Xe) and a dc-heated 
puasmas(400 Torr Xe). [20} 


EO 





Another alternate method of pumping was reported by 
mesevy et al. [27, 28, 29] and Anatov et al. {19]. They 
described an amplifier designed for short pulse, high power 
@peration, and pumped by the light from an exploding tungsten 
wire. The pumping radiation is derived from the thermal wave 
of an electric discharge in an active substance. Large 
currents (~ 10? amps) are passed through a fine (. .1 mm) 
Mumoestem Wilre.welne wire explodes, resulting in an intense 
light source. Anatov et al. [19] claim they have been able 
to achieve output energies of over 700 Joules from an ampli- 
fier 1.5 m long with a diameter of 36 cM when itis pumped with 
Gaexploding tungsten wire. 

The criteria we hope to achieve in the iodine laser 


Saeueeiator at NPS are as follows: 


Seek teormwoutput = - = = “= % 5 mJ 
CCR = - a 101°> 10 “sec. 
Miasimadtinatron (prelonized) 10-100 psec. 


< 10 wsec in pumping range 
Fumpume energy available - ~ 5010) Joules 
Gap eto) it oe. 20,000 volts) 
We are using the following: 


Lasing medium: C.Fo1 Cor tonne annex. | buttered 
Wilt imdicO On) LO CFI PEO e021) 


Preoietubescmmcuart. 56.42 cm (25 in.) ian length with 
mene ol0- 4 in.) used to pump the laser 


Pascoe tune SUPRASIL. 26 cm (10-1/4 in.} in length 
ipe— 5mm 1.204 in.) 


Brewster windows: quartz n = 1.6, 81, ee ore 


uel 





Resemaeor. §f£t 1S nemz-confocal with a length of 
Uwe | S40in.); the Spherical mirror 
aise wad iso wi o ml (59.05 in.) and 
foecolanc@a cea (| 5000 A) Waste a ret leccance 
Veeeee ooo tie planar GutpUc Mirror is 4 
Pokcdmeoducd 11%) A) quartz window with a 


reflectance of Tr, = 75%. 


bee LIEORY 

iWerekRcact lon Kinetics 

icmaoaime laser 15 a photochemical dissociation 
eeer. Ultraviolet light around 2/00 A from xenon-filled 
electrical flashlamps is used to dissociate an organic iodine 
eompeund, namely, n-heptafluoropropyl-iodide (CFI). The 
Mifemociemical dissociation process results in the formation 
@iemeutral atomic iodine in the 5p” - SXempetwstate Dy sune 
absorption reaction 
CzFo1 + hy, 


K ane : 
pC el Pa) (1-5) 


fem reaction rate ko: The excited state is radiatively 


2 . 
Seneiea tO Che ground state P,; via a magnetic-dipole 


ce 
2 
transition and the spontaneous emission of a photon at a 


Waelenath Ore. = 1.315 qimowith a reaction rate k, in the 
ee 1(2P,) 2 1(7P3) + hv (1-6) 
a a 
Mpeehoaragtve litetime Of the excited ee state has been 
2 
reported to be in the range 125 ms < Tp < ee ms Oe el oe 


Because of this long metastable lifetime, virtually all the 


dissociated atoms are left in an excited state. Therefore, a 


Z2 





Hance population inversion can be established by ultraviolet 
pumping which has a shorter duration than the lifetime in the 
leeer state. 

ime echemartoneot: AatOmMmS In the upper state is 
Mirieneed by a Secondary chemical reaction during and after 
j[memertash. ithe atoms lose excitation by stimulated emission 


with rate constant Kk 2Geordine to 
Z ec 
iE Pi) i NV iaser | Py) Z 2DViaser’ Ta) 


Then, recombination with areaction rate K reestablishes the 
Masaineg medium by 


2 I, 
I(°P3) + CF, *C5FoI. ee2) 


femmes tonal de-excitation occurs with a reaction rate kK. 
aeeordaing to 


Z 1 Ks Z 7 
I("P,) + C3F5I S 1(°P,) + CsFoI (1-9) 


followed by collisions according to 


Z ke 
ree ft, + Cl FoI 


sy 7 2 7 Geto 


“mene leads to the Lormation of molecular iodine. 

A system of equations was derived by Kamarov et al. 
Me icomdescripe the dynamics, the time evolution of the 
@Gomecntrations Of [CF.I], [I(°P,)], (1(*P3)], [CF] anc wee 
intensity of the stimulated emission transition for CF.1 as 
a working gas. They were extended by Skorabogatov et al. [9] 
[Mmeolenietmentie reaction rate constants k, (= lL through, 6) 


PAeottemeimportant Kinetic Characteristics of the iodine 


Zo 





Maser, using CFI. Mieyeassumed that prior CO péak laser 


eiltergy output at ce Ones equations (1-5) through (1-8) 


ax?’ 
@ecurred in a working volume of C.Fo1 Das se ebyese lV ine va 
mmeuem OL Chemical reaction rate equations, they arrived at 
Peeecwlation tor the ditferential quantum yield of stimulated 
emission (T, (o)) as a percentage of the theoretical max imum 
meeeble value ot two-thirds of the particle number n, given 
Meeene initial pressure. rs (6) expressed in terms of measured 


Stimulated-emission energy per cm’ of the working volume 


(Een) 1s 


oy . 0.988 x 102 Egon [J/cm] 
Ts) i. n {molecules/cm:3 ] oe ees) 


iMennaxinum possible value of stimulated-emission energy per 


volume is then: 


re) (2/30) soME Ce) dt Gla) 


wimere m1 1s the initial pressure of C.F] (molecules/cm?) 


Gils intensity of stimulated transitions 


(photons/cm? sec) 


ae PeeemOon Ceomlimatlom Of Generation of excited 


Meciism seem (i-e-.5 GuetTiching, etc.) . 
Poeucine Meastiredavalues of lasing energy, Eeen and laser 


pulse shapes (Fig. 6), the maximum power of stimulated emission 


per working volume, E ey en see) wean be calculated for 


Max 


peak laser output at time t,.,- 










LASER PULSE 
USING C3FII 


Intensity (rel units) 


a oe PULSE 


ee 


a 
oe Se cee 
ee me Te 


5 10 15 
t time (usec) 


Mito mical pulse shape with measuring 


POIRts Eee and Pe ihnGCat ede 


Assuming a pumping photon has an energy of 3.6 ev for C FoI] 

+ 4 2 a 
iy, and by putting Ee in terms of photons/cm* sec, COE ee 
Eiemap parent pumping radiation flux in the iodine absorption 
band at the time of peak output Go) Ganeperealeculated 4[/9i\p. 


CG Fol 


[photons/cm sec] = LoS Shee |owots (Cree see] 
max 


nae 1 (i =e 


fimemenin isethe initial pressure of C Fo] 


ae) tcmehensccamilated emission Cross-section of the 


C.F] molecule as a function of pressure 


(73 Fol 
Deer iomencmeapparent flux Or actual@pumping lux [9,17] 


R is the radical CF. or CF. 


It was shown by Skorobogatov [9] that calculations 


made for the iodine laser using CF.1 as a working gas could 


Z5 





Poemappidved to a laser using CFoI. Maximum laser output 
occurs at the same time Corot in both gases for a given 
eum eneregy and pressure. Therefore, the stimulated-emission 


Em@ergy yield eee, dso C.F 1 DOCSwaAswinearatiO sor the fluxes 


moe 774-63! 
max io remcmcine Or peak output. Some values for 
p-) 3 have previously bocoimedteuwbated 17 | mand tapulated 


@emsure 7). Then, for a laser using CzFo1 tele mele Neri cig 


pmeeey OULpDUt at the time Ee can be found by 


ax 
ez | Cano t Chel 
r ro 7 ; 3°7 3 r 
S (tax? - (Pax ree ) z theak? Ce 


a EMeresy Storage 

PL oeiemmremedscaniaer. the bandwidth of the output pulse 
of the iodine laser can be controlled by the pressure of the 
momie@ma G25 in the laser cell. Ideally, for laser fusion, one 
would like to extract the entire energy in the shortest possible 
Siereepulse, in order to develop the power in a short pulse 
Pmman amolitier, the medium must have a simulated-emission 
Magwemocet1on (Ow Enough to prevent premature spontaneous laser 
agertom., equation (1-6) [22]. 

Stimulated emission cross sections can be lowered by 
broadening the laser emission linewidth. Two methods have been 
MsecamcwWecesstully to increase the distance between the hyper- 
fine levels of atomic iodine and thus broaden the linewidth. 

Gensel, Hohla and Kompa reported in 1971 [5] the use 
of an inhomogeneous magnetic field to increase the hyperfine 


level separation and thus the energy storage capability of 
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mee lasen. tIhey concluded that chemical composition in the 
laser tube and control of the linewidth could improve energy 
eeeemaction from the laser. JZeuv et al. extensively investi- 
gated the hyperfine structure of atomic iodine [10]. In 
heenres 8 and 9 the hyperfine structure and the transitions 
momeecOMmiG 1Oodine are shown. The F=3 to F=4 transition is 
Mm@emmost intense and the one observed in most laser experi- 
mamesme2, 15). Phe transitions F=3>3 and F=2>2Z have nearly 
the same line strength. However, F=53>+53 1s not observed in 
the absence of a magnetic field. The absence of this tran- 
Sition implies that relaxation among the hyperfine sublevels 
On 1(°P3) is rapid compared to the time scale of laser emission 
2 
ee the F=Z>2 transition is sometimes completely absent, 
miamedting that it 1s barely above threshold. This is 
meemrputaple to rapid relaxation between the hyperfine sub- 


, 
Mepeeomor wie excited ( P;}) level [15]. 
Z 


er 
on 
al | 
2py/> 3 0.265 cm 
| 2 0.371 
760315 _, 
cm 
2P 3p 0.113 





0.068 0.026 0.427 0141 9.058 
YP (com!) 


meneame ec Om Hypereine Splitting of the Iodine 
Laser Transition at CoFo1 Pressure 
elo corr se 1 LO | 
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Line width is governed by doppler and collision 
broadening as a function of gas temperature. Relative 
positions of the lines are shown in Figure 9. According 
to Zeuv et al. [10], the doppler width (W) does not depend 
Gemaensity of the gas, but the collision width (y) varies 
Memproportion to density. 

iieexpeumments | LO] done with C.Fo1 mixed with argon 
(at 1:18), at total pressure of 5300 torr the luminescence 
moments broadened mainly by collisions. The collision width 


can be calculated. Assuming a Vander-Waals interaction of 


meomrc tOodine with argon, collision line width is given by 


y = 8.16 NC? V3 Se 
Migeme N is the concentration of perturbing particles 

(~ 1032 cm °@ 300 torr) and en ~ 400 m/sec is the average 
fiterve velocity of colliding particles. The Peistane Gees 
expressed in terms of the polarizability of the interacting 


Bareretes q , and q@ [10]. 
] Zz 


C = 3/ok}Y 30 2" oo, a2 (ie 1S ay 


3 


where fi is the constant (1.05499 on esco) 


0 
feelomohne sbonr radius (0.5292 A) 


24 


Pt polarizapility of argon (l.ox 10 cm’) {10] 


ch is the estimated polarizability of WEP y) 
2 
- 19 
emcee tne electronae charge (1.6002 x 10 Cou 


N is the number of electrons in argon (18) 


N. is the number of electrons in iodine (55). 


ao 





Prom photographs of the spectrum of excited iodine 
one can determine the line width y. Using equations (1-15) 
amd (1-15a) the polarizability of Reon 1odine in 1(7P,) 
peeeeecd State Can be Calculated. JZeuv et al. [10] in exper- 
iments using the above conditions reported a value for the 


line width due to collision broadening to be 
Tee OO0 270.012 cm 


imemcotal true luminescence line width of atomic iodine is 

a function of the pressure of the buffer gas. The pressure 
controls the collision broadening y as a function of the 
density and the temperature of the gas averaged over the 
length of the working cell volume. The gas temperature 
controls the doppler broadening. It is negligible when 

CzFo1 and argon is used as a lasing medium. Hohla and Kompa 
in 1973 suggested [14] broadening the iodine emission line 
beapcadaineg Imert gas to the lasing medium. Their experiments 
showed that hyperfine levels could thus be widened without 
ames d macnetuc field. When partial pressures of the inert 
meewexecced 20 torr, the line width increases as a function 
Gmmpressune. This is pressure broadening. Brederlow, Hohla, 
and Witte determined [23] that energy stored in an iodine 
mescreecamnot be fully extracted. As a consequence of the 
degeneracy of the upper and lower levels of iodine and owing 
to homogeneous pressure broadening of all the hyperfine com- 
Poments, 4 Maximum of 66% of the stored energy could be 
extracted. To see the relation of energy storage to pressure, 


SMemiicstwelook tirst to laser gain. 
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ZO CicOmumcwOceINnrenee Of lasing, a resonant optical 
Cavity acts like an amplifier. Pumping energy is stored by 
excited atoms in a population inversion. When the atoms 
meemoltlon to lower states they radiate at certain frequencies. 
When the frequencies are compatible with the resonant cavity, 
omprttication occurs. Like any resonant oscillator, the laser 
mameoe Characterized in terms of gain, internal loss and 
eet Output. When the gain for a suitable frequency in the 
Merrecavity exceeds the losses incurred by the wave as it 
Merecs Detween the mirrors of the cavity, lasing occurs. From 
@mempoint On, the cavity ceases to amplify and becomes an 
Peeiilator. <The point at which oscillation is achieved is 


known as threshold. Gain of the laser medium is given by 


Gon seme oro mill) (1-16) 


Tiere o 15 the Stimulated emission cross section 
Miro tne population imvVversion 
Matos ENomlCnathnOn tne baser nedium in the light path 


MicepesodntetmiG {mw} 15 —cadidted the gain coefficient. 


Paepomlulation inversion and length of the active medium are 
hmewm, ome can calculate the stimulated emission cross sec- 
tion (o). However, there is an easier way. The gain given 
ppmequatmone(1-16) can be related to mirror reflectances as 


follows: 





G=exp(La4n) 


ae 
=I yt & 





MIRROR # 1 MIRROR #2 


iG lypircal Laser Cavity 


Semsiaer the situation pictured in Figure 10 where light of 
some intensity, To: and some frequency,v, near the laser 
Mmmoiialtion, Enters a suitable laser cavity. Each time the 
ieemenpasses through the laser medium it will experience a 
pammeetven by equation (1-16). At mirror #2 after the first 


Passe ene intensity is 


I = I. Sxenelo ny) Ct) 


aor crleccting from both mirrors, the light intensity 


momiiiane tO mirror #2 1s given by 
I = Tory’ rzyexp(2Lodn) (1-18) 


where ry and r, are pew ret leetamecs Of Mirrors #1 and #2 
meopeetively. ~When gain threshold is reached, lasing occurs, 
Smaeounping energy additionally delivered to the laser is no 
longer stored. It is converted directly, by the laser medium, 
into radiation with the laser frequency. Therefore, the 

as Tiowe hire bl ON demands the amplifier gain equation (1-18) 
to become 


eels eae G? GE) 


Gy 
i) 





Peeer lasing occurs, energy is no longer stored, so I=]. 


iiem, assuming no internal scattering loss, equation (1-18) 


becomes 

Gn = 1/rjr, ce oD) 
By choosing values for ry) and T,> gain threshold for the NPS 
maser can be predicted. Selecting is 98, a Seca 


ween (1-17) 


Gen SOOM GOUMG stadia |) + 


By increasing the reflectance Tr, the value of the threshold 
Pain can be lowered. Knowledge of the gain per pass allows 
determination of the gain cross sectiono. 

Siete dwoltoeTOmecrOoss Section (gain cross séction) 
© 1S found using equation (1-16). Then the line width in 
terms of frequency difference can be found. Zeuv et al. [10] 
and Paderick and Palmer [24] assumed a lorentzian shape for 
Bement bution Of light frequencies in the output energy 
ween, ihe lorentzian line width 1s related to the stimu- 


iagegeemissiom Cross se€ction (gain cross section)o,as follows 





ee) Ac? A)? 
AVS Givta ~ ° * 816 ce 


where Av or D is line width (FWHM) 
X% 1S wavelength in cm | 
fapicmmadiative decay rate (Einstein coefficient [sec *]) 
peice che stamulated emission cross section [cm?] 


Cc is the speed of light (c =Av) 
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LASER CELL PRESSURE (x 107 torr) 


Meee otimiutatea Emission Cross Section as a 
Function of Pressure [25] 
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Values for the stimulated emission cross section (gain cross 
feron) o Nave been Calculated (10-'* < o < 10-18 cm?). 

(23, 24]. Figure 11 shows the relation between stimulated 
mimsston Cross S€ction and pressure. Thus, if the cavity 
neeenor reflectances, the population inversion, and length of 
the laser medium are known, one can compute the stimulated 
emission cross section (co). With knowledge of o, the cor- 
responding pressure requirements can be found as well as the 
Tine width, D, and the frequency distribution of the output 
Spectrum. For the computation of line width, a knowledge of 
Miemhanstein coefficient is necessary. 

The radiative decay rate or Einstein coefficient A 
fesimalar to the quantity called © in equation (1-3). dZeuv 
oes {10} determined the total transition rate Ar fe Oeil 
the) transitions in Figure 8 to be A, = 5.4 sec™'. They cal- 
cmiatead the ratio of the oP aig ei ee) transition rate 
Memeotal transition rate to be 5/7.7. This ratio times rate 
Ay gives Az_4 = Seo Wleranisierons.sec-- | for the ee 
meomeition. the transition rate A when inverted is the 
lifetime of the metastable state: (Ty ee Ooms) | Lule 


As can be seen, the lifetime of the population inversion is 


exceptionally iong. 


C. TRANSMISSION THROUGH THE ATMOSPHERE 

ivemitodimenlaser is well suited for atmospheric trans- 
Micsienwexperiments. it can be seen in Figure 7 that its 
wavelength falls in a transmission window with a transmittance 


emo mover a 0.5-km path at sea level. 
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alien LASER OSCILLATOR 


Pw GENERAL DESCRIPTION 

ine Todine laser oscillator consists of a laser tube, 
two brewster window assemblies, and two parallel-mounted, 
xenon-filled, quartz flash tubes. The flashtubes have an arc 
meameen Of 45.68 cm (18 inches) between the electrodes. The 
meena laser cell is a Suprasil tube, 37.75 cm (14.57 in.) 
mmebemoth, with a 5 mm (0.197 inch) tiisidesGlameten, samc 
oes |) mm (0.039 inch) thick. The laser tube is set into 
two machined monel laser heads which are separated by 30.77 cm 
Wewerz> in.). They are fitted with O-ring vacuum seals and 
are designed for a system base pressure of 10°° torr. The 
ig@ewster windows are 3.175 mm (0.125 in.) thick quartz glass 
mnmeinewilange-fitted and O-ring sealed to the monel laser 
feaas. lhe CzFo1 laser gases eransportea from Stainless 
Secommnolding tanks (WHITEY 500 cc sample cylinders), via 
moerwmen diameter Stainless steel tubing. NUPRO Series 4BK 
Serimless steel valves and SWAGELOK stainless steel fittings 
maemuced am the laser gas transport system. (It is expected 
that fluoridated iodine is corrosive to brass, aluminum, and 
@opper. Thus, monel and stainless steel were chosen for their 
resistance to corrosion.) The buffer gas, argon, is intro- 
duced through 1/4 inch diameter nylon tubing. It passes 
through a series of isolating valves, a pressure transducer, 


and then into the laser gas system. The pressure transducer 





measures absolute pressure by sensing the change in magnetic 
reluctance of a magnetic circuit caused by the displacement 
Memo stainless steel diaphragm. The sensor is shown in 
Some D-13. The output of the sensor is ad-c voltage which 
memneasured by ad-c voltmeter. The calibration curve are 
Shown in Appendix A. 

Two auxiliary gas systems, one for xenon and one for 
Metrogen, are used with this laser. The xenon system provides 
the gas for the flashtubes, which are used to pump the laser. 
Miewotner auxiliary gas system transports nitrogen which is 
Meece as an atmosphere in the four-element spark gap. By 
mepoting the pressure of the nitrogen in the spark gap, one 
@emmeset tne threshold voltage of the spark gap at any one of 
Cmeaie Variety of voltages. Both auxiliary gas systems can 
Bemeo@etated independently of the main laser gas system. Both 
Meeemoressure pauges built into them. 

Energy input to the flashtubes is provided by discharging 
omemeecitor bank by trigger command. A large discharge current 
meemertie Capacitor passes Via low inductance leads through the 
parallel-mounted flashtubes producing the pumping pulse of 
Mmeeeavreolet: light. the capacitor bank is charged to 15-24 KV 
by a power supply capable of a maximum current of 50 ma. The 
EPerk fap 1s @ tour-element, pressurized spark gap identical 
femenose deseruped by Budzik [30]. The charging voltage is 
measured by placing a voltmeter in series with 150 megohms 


meststamee across the terminals of the capacitor. 





[iiecmatmeredscnerpy in the capacitor bank, and thus the 


mipee energy to the flashtubes is given by 


Ea h/ 2 Ve 
where CeiSwene Capacitance in farads 
Velswthe Chareine voltage in’ volts 
& 


hemene enerey anpuc an, joules 


B. ARRANGEMENT OF SYSTEM COMPONENTS 

Figure D-2 shows the physical arrangement of the various 
Semeponents Of the iodine laser oscillator and its supporting 
Subsystems. Positioning of the components was dictated by 
eeteecs available, ease of access to the equipment, proximity 
memamiarge power source, and future expansion. The power 
puipoply and triggering system is the one used for the NPS 
@@ecad=-pinch bank (30]. Only a slight modification to the 
wiring in the triggering system was necessary to adapt the 
Cemerol System to the laser. The modification removed the 
meomece L£iring Capability used in the theta-pinch. 

The oscillator was constructed mostly of equipment found 
spememtne laboratory. It was made adjustable in every respect 


Bomaiiow £0r experimental alteration Of its size. 


ee DATA 
The following table lists the most important data for 


@nestrodine laser oscillator. 


or) 





Parameters: Measured Quantity: 


Laser Volume OA Semen (oe 790 in.) 
Charging Voltage ee Cee 

Capacitance Loe 

Capacitor Charge Time TOUS Ce 


fs eine Cons tants ) 
muoGced Energy (input) we bOU= 452) oJ 
Pelerey Effective in Photolysis CRO) Nee Sara) 
Flash Duration (measurable) 
Flash Pulse Rise Time (measurable) 
Laser Pulse Rise Time (measurable) 
see Appendix H 

Laser Output Pulse Length 

(measurable) 
Meeeat Laser Energy Output 

(measurable) 


Rise time is defined as the time it takes the pulse to 


memease from 10% to 90% of its maximum value. 
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ITI. DESIGN AND CONSTRUCTION OF THE IODINE 
LASER OSCILLATOR 

A. LASER GAS TRANSPORT/VACUUM SYSTEM 

mietre U-l 15 a schematic of the entire vacuum/gas trans- 
port and purification system. A VACUUM ELECTRONICS CORP. 
iemeieePcoW, 2-1/2 inch, air-cooled diffusion pump is used 
to achieve a system base pressure of the order of 107° torr. 
Complete isolation of the vacuum pump from the gas handling 
Syorems is accomplished by high vacuum valves. The laser gas 
transport system and the flashtube fill system are independent 
Geemmeach Other although they can be connected to the same 
vacuum system. Diffusion pump inlet pressure is monitored 
peo 2ECO, type RG-75, ionization gauge with a response range 
foie’ to J0°* torr. In the range 10° to 1 torr it is 
measured by thermocouple. Cas OGesoWme min hic Ramoe Of 1 fOrr 
to 760 torr is monitored by a NELSON vacuum gauge and also by 
Gmietedable reluctance pressure transducer. The transducer 
Measmres absolute pressure by sensing the change in reluctance 
emaecmatl magnetre circuit. The reluctance is proportional 
SemrifcmpOSTtEton Of a stainless steel diaphragm. The sensing 
element generates a d-c voltage which is amplified by a BENTLEY 
CORPORATION model E-15 amplifier and monitored by a HEWLETT- 
Pager iemedel 409A d-c null velltmeter. A calibration procedure 
emdecaiauprataen curves for the transducer are shown in Appendix 


A. 


41 





In this laser, argon is used as a buffer gas and repre- 
Semmes the Major part of the laser working gas. The argon is 
introduced from a tank through metering valves 4 and 9 and 
into the main gas system. Absolute pressure of the argon is 
measured by the same pressure transducer used to measure the 


CFI. 


B. LASER GAS PURIFICATION 
Mitewenemical used in the master oscillator as a lasing 


medium is C.F meee r se lOrTopropy la toOdide .eAuUDRTCH GHEMI CAL CO... 


7 
miemy.) Lt can be obtained at 99% purity. The main impurities 
in the gas as a result of the manufacturing process are 

oxygen (0,) andeecarbon diaexide (CO, ) which must be removed 
peeeor tO laser operation. The impurities may be removed by 
merdeuum trap-to-trap distillation process employing a cold 


Hee Lhe bo1ling points for C.F eo eid 0, are, respec- 


7 
mmvely 41°C, -/78°C, -183°C. The recondensing vessel and the 
C.Fo1 Srorage vessel are WHITEY 500 0c¢e stainless steel sample 
emernders., Each of the cylinders can be separated from the 
Maeuum system by a valve, and the entire purification system 
eaumebe isolated from the rest of the system by valves 1, 4, 7, 8. 
The purification process is described in Appendix C. 

An additional impurity problem arises because C.F.4l self- 
Prsseetaees In storage, forming I, molecules. I, Senay ey 
effective quenching agent for excited iodine atoms and must 


be removed for successful lasing [6,32]. Introduction of 


Sithen suilver= wool Or Gopper mesh into the C.F storage tanks 
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memoves the I, by forming silver iodide or copper iodide 
Moapeccuyely. in the iodine laser at NPS, 6-inch strips 
of copper mesh are deposited in the CFI storage tank to 
Control the molecular iodine formation problem. 

CFO Pouce ehoitive. in order to prevent light from 
entering the cavity through the ends of the reflector assembly, 
Meavy black paper is cut out of a pattern and placed over the 


HememectOr ends. This keeps light entry into the cavity to a 


minimum. 


Ge HIGH VOLTAGE POWER SUPPLY AND CONTROL SYSTEM 

The high voltage power supply and control system employed 
ijeene 1Odine laser are similar to those used in the theta- 
pemren at NPS, as described by Budzik [350]. Modification has 
Meememade to the control system circuitry in order to adapt 
Mmemerethe Todine laser. For example, the laser uses only one 
SGapecil<Lor instead of the six employed by the theta-pinch. 
Wmemwrring tor Charging the master spark gaps as well as the 
memote control triggering feature for the theta-pinch has 
been disconnected from terminal board B at the local control 
Seation, and IB-8B was jumpered to ground to close the 115 
miemmclay control circuit. All other wiring for the theta- 
Poneneremains the same. 

PieaieeD a >10Ws ene trigger controd Gendt LOT ume 
Wacmecelacer = oscillator. The control circuit performs three 
functions: 1) Charging the capacitor and spark gap, 2) dump- 
ing the capacitor and spark gap, 3) discharging the capacitor 


through the parallel-mounted xenon-filled flashtubes. 
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mo uiewW-A shows the rélay logic for the control system 
functions. K8A and K9A are contacts of vacuum relays K8 and 
K9 located in the large 50 KV power supply. They are the 
Mey components of system control. K8A is normally closed, 
Eivee preventing the capacitor from collecting a lethal charge. 
K9A is normally open and is used to charge the capacitor and 
Pereetecap. the 25 KV circuit is used to charge the capacitor 
up to threshold voltage for the flashlamps. When the charge 
imeem 15 pushed, K8A opens, K9A closes, and charging begins. 
When the dump button is pushed, K9A opens, followed by the 
@mesime Of KSA, and the capacitor is shorted to ground. The 
meeeeming Sequence mentioned here is built into the power 
supply. It is important because it prevents shorting the 
Pemwier supply directly to ground. When the fire button is 
meemiedw. contact KISA (Figure D-11) in the trigger control 
eect eapplies a pulse through tube EFP-60, pulse shaping 
meamstormer PE-5064-319 to the grid of a thyratron tube 5C22. 
iemoutplutwot the thyratron is about 12 KV. The trigger is 
then passed through a 1:4 step-up transformer and applied 
Bapousn O00 pt to the spark gap trigger circuit, causing the 
gap to break down. Gap breakdown allows the capacitor to 
@ascharge through the xenon flashtubes. Simultaneously, 
contact K9A opens and K8A closes. At this point the firing 
cycle is complete and the dump light on the local indicator 
panel should be lit. A portable fire button feature is in- 
stalled to allow the experimenter to position himself in any 


desired location. For safety, the bank automatically assumes 
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a dump status for the following conditions: 1) immediately 
meeor firing, 2) if there is a misfire, 3) if there is a power 
failure, 4) if the system is purposely dumped. In the event 
that K8 failed in the open position, the capacitor would have 
to be discharged manually. Presently, when the system is in 
a dump status, the capacitor bank is connected to ground 
eaeoucn a 9 megohm resistor and contacts K8A. In a misfire 
condition, the discharge time is ~ 65 seconds. An improvement 
Memtme system would be to place the contacts of K8A in series 
with a much smaller resistor (v 100K ohms) on the load side 
of the 9 megohm resistor, thus providing a nearly direct path 
to ground for the charge on the capacitor. <A manual discon- 
Meet snould be added to the grounding circuit to allow dis- 
Gieanece Of the capacitor in the event of failure of vacuum 
relay K8 in the open position. Figure D-5 shows the suggested 
ceeeemeateton to the dump circuit which would allow faster dis- 
charge (% 150 ms) of the capacitor than is presently avaiiable. 
Mueemeiocertor, Wiring, Flashtubes and Retlector 

Prempe U=6 1S a picture of the capacitor bank and 
Stems theslocation of the four element Spark gap. The capa- 
Geer 1s a low indtictance 1.5 wi AXEL capacitor rated at 25 KV. 
femiceseteon a moveable metal cart. The cart and the steel 
Capacitor case are maintained at ground potential. fhis 
arrangement facilitates moving the heavy capacitor around. 
Smeets Of steel mesh of 70 mil thickness and 1/4 inch thick 
Pie aelass sunround the capacitor cart to protect laboratory 


personnel from a possible capacitor explosion and high 
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voltage arcing. A voltmeter, which has been modified by 
adding a 150 megohm resistance in series measures the voltage 
Bomwhteh the capacitor is charged. 

The capacitor is charged through shielded RG-8U high 
fomeeaee Cable. The RC time constant for a 1.5 wf capacitor 
in series with 9 megohm is about 13 seconds with a peak cur- 
rent of about 2.2 ma. (Total charge time is ~ 5 time constants 
or ». 65 sec). The capacitor is discharged through a pressur- 
gazed 4-element spark gap by command trigger from the control 
Circuit via heavy gauge copper conductors, and then through 
GEmemmtashtubes to ground via braided copper high-current- 
capacity cable. All low current carrying circuits are wired 
fee 2 Pauge copper wire rated at 600 volts. 

The flashtubes were donated by Sandia Labs for 
destructive testing. They are quartz tubes, 1.27 cm (1/2 in.) 
mimaeameter, 57.15 cm (22-1/2 in.) in length, and have a wall 
mapekness of 1 mm (.0394 in.). They are fitted with COVAR 
eaomeaps containing tungsten electrodes. The tungsten elec- 
muedes imevude an arc length of 45.68eem (18 in.}. One end 
Bapeinm cach flashtube 1s drilled and Pee ecda wilted l/s ihe 
ainetwer tube extension to allow gas filling. The tubes are 
filled with MATHESON Xenon CP grade of 99.9% purity) to an 
neestaiepresscure of 30 torr. The £111 pressure can be varied 
and monitored for experimentation purposes via the small 
valves installed on the tubes and using the auxiliary xenon 
fill system incorporated in the laser system. The flashtubes 


are mounted parallel to the axis of the laser tube at a 
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voltage arcing. A voltmeter, which has been modified by 
adding a 150 megohm resistance in series measures the voltage 
momwiich the capacitor is charged. 

The capacitor is charged through shielded RG-8U high 
fmemase Cable. The RC time constant for a 1.5 pf capacitor 
in series with 9 megohm is about 13 seconds with a peak cur- 
rent of about 2.2 ma. (Total charge time is ». 5 time constants 
Sues Sec). The capacitor is discharged through a pressur- 
gazed 4-element spark gap by command trigger from the control 
meneutt Via heavy gauge copper conductors, and then through 
mrcmrlashtubes to ground via braided copper high-current- 
eeeadedty Cable. All low current carrying circuits are wired 
Wome 2 gauge copper wire rated at 600 volts. 

The flashtubes were donated by Sandra Labs for 
destructive testing. They are quartz tubes, 1.27 cm (1/2 in.) 
Mmameameter, 57.15 cm (22-1/2 in.) in length, and have a wall 
g@mm@ekness of ll mm (.0394 in.). They are fitted with COVAR 
enemcaps containing tungsten electrodes. The tungsten elec- 
trodes provide an arc length of 45.68 cm (18 in.). One end 
cap in each flashtube is drilled and fitted with a 1/8 inch 
miamerter tube extension to allow gas filling. The tubes are 
filled with MATHESON Xenon CP grade of 99.9% purity) to an 
initial pressure of 30 torr. The fill pressure can be varied 
and monitored for experimentation purposes via the small 
valves installed on the tubes and using the auxiliary xenon 
fill system incorporated in the laser system. The flashtubes 


are mounted parallel to the axis of the laser tube at a 
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voltage arcing. A voltmeter, which has been modified by 
adding a 150 megohm resistance in series measures the voltage 
to which the capacitor is charged. 

The capacitor is charged through shielded RG-8U high 
womeease Cable. The RC time constant for a 1.5 uf capacitor 
in series with 9 megohm is about 13 seconds with a peak cur- 
iene Of about 2.Z ma. (Total charge time is ~% 5 time constants 
Gage o> sec). The capacitor is discharged through a pressur- 
gazed 4-element spark gap by command trigger from the control 
mepeule Vila heavy gauge copper conductors, and then through 
the flashtubes to ground via braided copper high-current- 
@yeaerty Cable. All low current carrying circuits are wired 
Wem 2 Gauge copper wire rated at 600 volts. 

The flashtubes were donated by Sandia Labs for 
feemnmetive testing. They are quartz tubes, 1.27 cm (1/2 in.) 
mimeneameter, 57.15 cm (22-1/2 in.) in length, and have a wall 
pomekness of 1 mm (.0394 in.). They are fitted with COVAR 
Slemecans cComtaining tungsten electrodes. The tungsten elec- 
mmodes provide an arc length of 45.68 cm (18 in.). One end 
@apein each flashtube is drilled and fitted with a 1/8 inch 
diameter tube extension to allow gas filling. The tubes are 
filled with MATHESON Xenon (CP grade of 99.9% purity) to an 
initial pressure of 30 torr. The fill pressure can be varied 
and monitored for experimentation purposes via the small 
valves installed on the tubes and using the auxiliary xenon 
fill system incorporated in the laser system. The Pla sieloes 


are mounted parallel to the axis of the laser tube at a 
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radial distance of 5.08 cm (2 in.). They are mounted at this 
distance to allow longitudinal adjustment of the lengths of 
the laser which is between them. Figure D-7 shows the 
arrangement. The flashtubes are discharged in parallel to 
eamee magnetic field effects in the laser tube. An ionizing 
Peecpulse is applied to the flashtubes via jumpers which tap 
Pmemmain trigger pulse voltage and apply it directly to coils 
wrapped around the flashtubes. Nanoseconds later the main 
current pulse from the spark gap passes through the preionized 
Mrronmtupe, exciting the xenon gas. 

iimewnemlcetor 15 a double-contocal-elliptical cylinder 
momeo> cm (10-1/4 in.) in length, with the laser tube at the 
common focus. The flashtubes are centered at the outer foci 
Semtme two elliptical Semone The internal surface of the 
reflector is highly polished to reflect a maximum amount of 
iesmteeat the wavelength 4 = 280 nm. Aluminum has a reflectance 
value of about 95% at that wavelength. Figure D-8 shows the 
Meera cimensions of the reflector. 

2. Spark Gap and Triggering System 

The four element pressurized spark gap is identical 
to those described by Budzik [30], and was fabricated from 
component parts in stock at the laser-plasma laboratory at 
Meow ihe switch is pressurized to allow reduction in gap size 
mua tnaenemoercea low switch inductance. Pressurization of the 
switch makes possible easy adjustment of the standoff voltage. 
The use of the four element spark gap keeps jitter time and 


time for gas breakdown to a minimum [30]. The elements of 
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the gap are cylindrical to allow a large cross-sectional 
meedeand thus a very large current carrying capacity for the 
weetens) Figure )-9 shows the arrangement of the four spark 
@epeelements. Figure D-10 shows the electrical schematic of 
Ememcaps. the elements of the main gap are aluminum which 
has a low work function. The secondary trigger elements are 
tungsten pins which oppose each other across a small gap in 
tme axial center of a stainless steel shield. The trigger 
element shield is placed so that it is out of the are in the 
few apees When the trigger 1s applied to the small gap, an 
electric arc produces ultraviolet light which ionizes the 
atmosphere in the vicinity of the main gap electrodes. When 
breakdown in the main gap occurs, current flows to the 
flashtubes. 

The pressure vessel for the spark gap is made of 
Ome-ineh thick plexiglass, bonded to itself with ethylene 
dichloride. Bolts provide extra strength. The pressure 
vessels have been tested to a pressure of 100 psi [50]. 

Nitrogen gas is used as an atmosphere in the spark 
gap. A low velocity flow of the gas through the spark gap 
insures purity of the atmosphere within the gap. The flow 
of the gas can be adjusted to provide a constant atmospheric 
pressure in the gap of 10 psi. 

The trigger system is identical to that which is 
described by Budzik [30]. The system consists of a 10 KV 
thyratron pulse generator of 10 nanosecond duration, a 1:4 
Dibcemertnstoumeneand a spark gap: Figure D-3 is the 
lecumicadiesehematic Of the trigger circuit. 
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Wee OPTICAL CAVITY 

iiemontileduecavityset the oscillator is a hemi-confocal 
resonator. It consists of a spherical 98% reflector of 1.52 m 
(59.88 in.) radius (F1l=760 mm) positioned about 86.4 cm (34 in.) 
from a 75% reflecting planar mirror at the other end. The 
Semler ical mirror was purchased from EDMUND SCIENTIFIC CORP. 
An opaque gold coating (4, 3000 A thbek) anid .a 700 thrck S10 
Mme tective Coating (1 200 A thick) are vacuum deposited on a 
substrate of glass for a reflectance of about 98% at the 
1odine laser wavelength (A = 1.315 um). The 1 inch (2.54 cm) 
diameter flat output window is 10 mm thick quartz on which a 
110 A Peer oldscodtine and a z200 A Piet ot Us Drorec tye 
coating has been vacuum deposited. The output window has a 
Memlcectance Of about 75%. Included in the laser cavity are 
the active laser medium CFI, and an adjustable diaphragm 
Cieonn to S mm opening). 

iiewiciaeOontOcal resonant Cavity 1S Similar to a hemis- 
Diet veal cavity except that its output planar mirror is 
positioned at the focal point of the spherical mirror instead 
of at the center of curvature. Some of the good features of 
the hemispherical cavity, listed by Bloom [31], apply to the 
Memeseconsocal Cayity. These include: 1) ease of alignment: 
Once the planar mirror is positioned perpendicular to and 
centered on the laser axis, further fine alignment can be 
accomplished using the spherical mirror; 2) use of the 
hemispherical cavity when lowest order mode operation is 


desired: By adjusting cavity length to slightly less than 
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the focal length (in our case Fl=760 mm) and by proper use 
of a diaphragm, ee Mote can bewiade Certain [32]. (See 
the additional comments on alignment in Appendix G.) 
Baicmeniofwaccapgmeconsideration of the resonant cavity is 
mesomstability. Yariv offers [33], as do many other authors, 
wuepee Calculations to test the stability of an optical cavity. 


iiemstability condition for an optical resonator is given by 


Sso<s1-7)Q-P<1l Gon 
1 


mere L is the cavity length 
dt and qd Acecmemrada? Of Mirrors #1 and #2, 
mesmccm ively, 
Assigning values L= 86.4 cm, d, = 150 cm, Cease, the stability 
Simeme resonant Cavity may be calculated to be S= .424 which 


indicates a nicely stable confocal resonator. 
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IV. SUMMARY OF PRESENT STATUS OF THE IODINE LASER 


The laser has been filled with 50 torr C2F. 


torr argon on numerous occasions and test fired approximately 


I eboel “ah s0e 


mimoimes. Up ta now there has been no indication that lasing 
Mas soccurred. Presently, the maximum energy input to the 
flashtubes has been 432 Joules (24 KV and 1.5 uf). 

A rough analysis was done to determine if the energy input 
is sufficient, in the present component arrangement, to pro- 
duce a threshold population inversion for lasing. Gross 
estimates of coupling efficiencies (< 10%) and energy con- 


version efficiencies (1% in pump band for xe and _ 60% C.F [-Ar) 


7 
were made. Calculations showed that possibly there is insuf- 
Pmetent pumping energy being coupled into the laser tube to 
bpueduee the necesSary inversion for lasing. It is recommended 
Mitta more thorough analysis of this nature be conducted 
prior to making any changes to present laser configuration. 
Some of the major problems that have impeded progress in 
building the laser-oscillator are: (1) The noise generated 
byeeenemiechanical relay connections in the trigger circuit 
prevent close measurement of the trigger signal and flash- 
Wipboemeltardeeeristies, (2) Undvailability of proper detectors 
preclude measurements of pulse shapes for flash and laser 
output, (3) The use of flashlamps which are too long have 
prevented efficient use of pumping energy, (4) The present 


methods of monitoring pressure in the laser gas system requires 
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BeeboratloOn prior tO each use. The location of the installed 
variable-reluctance pressure gauge is such that there is no 
way to measure true pressure in the laser cell, (5) The present 
@scillator is mounted on a short rail which is secured to a 
tabletop. The present mount is subject to vibrations when 
the table is bumped. Thus, proper alignment is impossible. 

There are four major problems which should be solved as 
soon as possible. They are: (1) Rid the trigger generator 
@fythe r-f£ noise caused by the relay switching, (2) Increase 
the efficiency of coupling input energy into the laser cell. 
This can be accomplished by: 

(a) shortening the length of the flashlamps to make them 
MoOGer tikewoleto tie laser tube Length. Shorter 
flashlamps could be located closer to the laser cell 
to improve coupling of light energy into the laser 
gas; 


fee using 2 helical flashlamp to improve the coupling of 
PP ieinwomtiewlaser cell ; 


(c) increasing the number of linear flashlamps 
(d) providing more energy into the flashlamps by increasing 
ENWemGapaecltanece of the Capacitor bank which stores the 
Punpameg energy ; 
(3) Find a more positive method to monitor the laser gas 
pressure, (4) Purchase proper detectors to permit monitoring 
Sev oeimtiespumpine pulse and the laser output pulse. 
The difficulties with alignment can be tolerated for the 


present time. However, after the laser begins operating, a 


more accurate alignment method must be devised. 
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APPENDIX A 


CALIBRATION OF THE VARIABLE RELUCTANCE TRANSDUCER 


Mice corrosive mature of C,Fo1 vapor dictates the use 
Seematerials which are corrosion resistant. The variable 
reluctance sensor permits measurement of absolute pressure 
Or CzFo1 while maintaining isolation of the pressure sensing 
device from the corrosive iodine vapor. A stainless steel 
diaphragm separates the sensor from the vapor. The differ- 
emeenwil pressure On each side of the diaphragm is translated 
into a displacement of the diaphragm. The displacement is 
sensed as a reluctance change in the transducer's magnetic 
eemetie. A resulting alteration of the circuit's self- 
maduectance produces an emf which, after amplification, is 
Measurable by a voltmeter. 

Pi wecatenGcate the Varlabte reluctance pressure gauge, 
proceed as follows: Open vaives 1,3,/7 and 8 (Figure D-1), 
Bicep laser gas System down to base pressure of 107° torr. 
Puiimotier Valves are closed. For calibration purposes, 10™° 
bemimesmeonstaered zero SyStem pressure. When the gas system 
i eiaealis Condition, adjust the sensor screw (Figure D-153) 
Witummapoutelevolt tull scale deflection can be read with no 
pressure in the system. Fine adjustment can be made with the 
screw on the sensor amplifier. Be sure the voltmeter has been 
properly zeroed. Close valves 1 and 3 to isolate the vacuum 


system. Open the argon bottle and set the regulator for 
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about 16 psi. Open valve 9 slowly and watch the pressure 
gauge behind valve 4. Let it build to about one atmosphere 
(760 torr). Valve 4 now can be used to slowly "bleed" argon 
into the transducer. By comparing the numerical reading on 
the pressure gauge to the voltage readout, the reluctance 
Pressure sensor can be calibrated. Take an average of a 
number of sets of readings and plot the curves. The cali- 


Paainen CUrVe. 1S Shown as Figure A-1. 
107 
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APPENDIX B 


LASER GAS FILLING/DUMPING PROCEDURE 


Piling procedume for the oscillator is as follows: The 
system is pumped down to a base pressure of ~ 1075 torr with 
valves 7 and 8 open. Valve 3 is open to allow zero setting 
of the variable reluctance pressure transducer. After setting 
transducer at zero, close valve 1 and slowly "crack-open" the 
valves 5 or 6 on the tank containing the distilled CzFo1 and 
let the vapor diffuse into the system to a desired pressure 
up to a maximum of 125 torr. Then close the tank valve and 
allow the pressure in the system to reach equilibrium. Valves 
maniac are then closed. The oscillator is now ready for 
GSeeration. Continuous monitoring of oscillator pressure can 
be accomplished with valves 7 or 8 and 3 open. 

Dumping of the master oscillator contents is accomplished 
by opening valve 1 to the vacuum system. It is important not 
wombersthe tOdine vapor go through the diffusion pump. The 
forepump only should be employed. During this evolution, 
wmaulviesuz., 5, ama 6 are Closed and valves 1, 3, 7, and 8 are 
open. When the inlet pressure of the vacuum system reaches 
about 3 Microns, it is safe to engage the diffusion pump to 
complete the pump-down to 10~-° torr. 

Provision has been made for investigation of pressure 
broadening effects of rare gases on the lasing medium. An 


Mmigeetron source using MATHESON argon of 99.998% purity Is 
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included in the oscillator gas system. The valving network 
hMimere arg0n injection system permits filling of the laser 
to any desired partial pressure of argon. 

Initial filling or replenishment of CFI] is done as 
momnows: Open valves 1, 3, 7, 8 and the valve (5 or 6) on 
the tank that does not contain Cz,F,I. Evacuate the system 
to base pressure (10°° torr). After pumpdown, close valves 
memwerond S. {lf tank connected to filler tube contains 
C.F, distill it over to the other tank and evacuate the 
mem tank. Close valve 6, leaving filler tank under vacuum. 
Preoare the bottle of CzFo1 for transfer of contents. Remove 
mmerecrecap Of filler tube and insert a small funnel. Begin 
pouring CzFo1 Pitomtlemruniel,)» soamultaneously “crack” the 
mieeber valve. the vacuum in the tank will suck the CF 1 
gnto the tank. Close the filler valve. The evolution is 
complete after distillation according to the procedure 


miyenssed in Appendix C. 
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APPENDIX C 


LASER GAS PURIFICATION PROCEDURE 


Maen Gycle of the purification process involves two 


meatless steel tanks, one containing C.F, 


tank. Valves 5 and 6 are closed and the main gas system is 


I and one empty 


evacuated to system base pressure (~ 107° torr), and then 
wemevess 1, 4, 7 and $ are closed. Valve 3 is open to permit 
Pecosure measurement. The empty tank is cooled by a dewar 
containing a cO,-methanol bath. The valves 5 and 6 of the 
two tanks are opened and the tank containing C,F._I is heated 


50 
momag: € (104° F). The CF JI boils and recondenses in the 
Soomead tank. Ihe end of the distilling process is signaled 
beeaecrOp in pressure. The cooled tank then contains the 
C.F I and may be valved off from the system by closing valve 
5 (or 6). Valve 1 may be opened to pump down residual CO, 
and 0, and the original tank may be baked out to drive off 
any water vapor present. This process can be repeated until 
pPepuuicy tsereached, which is sufficient for lasing action. 
Best laser action occurs when C,Fo1 vapor has a clear appear- 
ance. The vapor becomes pink when it contains x When I, 
is present it quenches laser action prematurely. Therefore, 
the laser gas must be distilled enough to remove the pink 


hue. The color of the vapor can be observed by looking down 


the laser bore when the tube is filled. 
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Laser Head and 75% Mirror 


Laser Head and 97% Mirror 
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A. 


APPENDIX E 


POWER SYSTEM LIGHT-OFF/ SHUT-DOWN 


iitcempnecedure fOr Energizing the high voltage power supply 


iseas follows: 


The 


al 


oe 
ie 


Swacen breaker #10 1n Switch box on wall adjacent 
[OmeMcesUeky power supply to ON position. 
Switch to ON position the following switches on the 


Poweremganel Of the 50 KV power supply door: 


Ae An 
b. rectifier filaments 
Gomduxi itary power 


Press START button and wait about two minutes for 
eee rerioht to appear. 

Switch ON the 50 KV ganged circuit breaker on lower 
panel of power supply door. 

Adjust the meter-relay pointer to a safe maximum 
MOlLag ec . 

Press the HV-ON button. 


Adjust the HV CONTROL variac to desired output. 


power supply is ready for operation. 


The procedure to secure the HV power supply follows: 


ee 
oe 


Press the HV-OFF button. 
Press the RESET button to complete the discharge of 
internal capacitors. 


Switch OFF the filaments and 50 KV breaker 


ae 





4. Switch OFF breaker #10 in wall switch panel. 


Meeeline procedure to energize the trigger-control circuits 
mas follows: 

1. Switch ON the power switch on the lower section of 
EmcecOnerod panel. This switch applies 115 VAC to 
all the relays and initiates a 1 minute timer. 

2. When HV READY light appears on the lower panel, 
Switch ON the switches marked HV-ON (lower panel) 
and FIL-ON (trigger generator panel) and await the 
appearance of the HV light on the trigger generator 
forerive 1. 

3. Adjust the variac on the lower panel until the 15 KV 
meter reads 12.5 KV. 

feecdyust the potentiometer knob on the trigger generator 
Bameletor a reading of V 1.7-1-78 KV on the adjacent 
epee LEY. 


5. The system is now ready to fire. 


tyeeoecuring the control panel is simply the reverse of 


Bart C. 
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APPENDIX F 


PROCEWURE FOR PILEING THE FLASHTUBES WITH XENON 


The procedure for filling the flashtubes with xenon gas 


is as follows: (reference to Figure D-1 is urged) 


imeutial fill: 


ill, 


oe 


Seenevalves, 2, ti, 12 and permit two hours or more 
for the tube pressure to reach system base pressure 
ieee - COLT. 

Menem ceaching base pressure, close valve Z to isolate 
flashtube gas system from vacuum system. 

With valve 10 closed, open xenon bottle and adjust the 
Besulaton to about 1 psi (50 torr). 

Open valve 10 and allow the tubes to fill (almost 
instantly). 

When fill is complete, close tightly valve 10 and the 
walveoon the xenon bottle. 


Close valves 11 and 12. 


The flashtubes have a volume of approximately 9.42 in. 


Gi 54.4 cm’). 


To change flashtube pressure, proceed as follows: 


in 


Purge the charged line by opening valve Zee naieke 
wiles 0, 11 and 12 remain taghtly closed. This 
removes air that may have leaked into the line. 

To add: Close valve 2 and open xenon bottle, 
adjusting regulator to desired pressure. Open valve 


10, 11, 12 and add xenon to desired pressure. 
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3. To decrease: Be sure valves 10, 11 and 12 are 

tightly closed. Open valve 2 and evacuate the 
filler line. Close valve 2 and open valve 11(12) 
until desired pressure registers on the gauge 
adjacent to valve number 2. Close number 11(12), 
evacuate the unwanted xenon and repeat the process 
Viimeae  otner flashtube. 

A cold trap should be added to the xenon line. This would 


enable recapturing this precious and expensive gas. 


ies 





APPENDIX G 


ALIGNMENT NOTES 


The axis of the lowest order mode must lie along the line 
itieersecting the center of curvature of the spherical mirror 
that is perpendicular to the flat mirror. Bloom [31] makes 
the following comments regarding the hemispherical resonator 
which also apply to the hemiconfocal arrangement: 


mee--ethe motion of the spherical mirror does not swing the 
mode-spot on the flat mirror but instead displaces the 
entire mode while keeping the axis parallel. This can 
perhaps be seen by imagining a surface tangent to the 
Spherical mirror that is parallel to the flat; it is then 
seen that displacing the sphere is equivalent to rolling 
the sphere on the flat. For this reason care must be 
taken in aligning a hemispherical resonator to be sure 
that the mode is accurately parallel to the axis of the 
laser bore before final alignment of the spherical mirror. 
The final touch-up on the sphere merely places the mode 
accurately in the center of the bore.” 


The foregoing points to the fact that the initial alignment 
Gt the flat mirror so that the laser bore axis and the beam 
Breeparallel (1.e., the mirror perpendicular to the axis) 


[mecmetical to proper lasing. 
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APPENDIX H 


FLASHPULSE/LASER ENERGY OUTPUT MEASUREMENTS 


Actual measurement of flashpulse and laser output pulse 
Characteristics has been plagued by difficulty. The laser 
iompumped in the ultraviolet region in a 500 A bandwidth 
centered about 2680 A. Lasing occurs at a wavelength of 
mot oeume bOth the pumping bandwidth and the laser output 
maepeetm a region of the electromagnetic spectrum which has 
not been studied at NPS. Therefore, the detectors required 
to make measurements on the pulse parameters of the xenon 
flash and the laser output are presently unavailable in NPS 
SEO kK. 

Flashpulse parameter measurement requires a filter to 
measure the output in a waveband 2680 + 250 A and a photo- 
emitting device (probably CsSb) with a time constant of 
feersceceweeLaser pulse parameter measurement requires a 
photoconducting device (probably InSb or GeAu) with a time 
eomeamant less than i ywsec. The expected laser pulse is in 
the 1 to 10 nsec range. 

Measurements of both the flashpulse and the laser pulse 
were attempted with some detectors, namely, a silicon p-i-n 
photodiode and a TROPEL Model 330 photodiode. The attempt 
proved futile. No attempt was made to filter out the light 
from the visible portion of the spectrum to check the detector’s 


response in the region of interest. 


If 





iMmender tOsdetermine whether lasing does occur in the 

oscillator, two methods were employed: 

1. An ELECTROPHYSICS CORP. Model 7100 INFRARED Viewer 
was used to sight down the laser bore during six of 
the firings. The flashtubes were covered to prevent 
the flash from blanking the viewer. During the flash 
avery intense radiation from the laser bore propa- 
gated down the axis and blanked the viewer screen. 

2. Measurements of the energy propagating along the 
laser axis were attempted, using a HADRON Ballistic 
Thermopile Model 118 in conjunction with a KEITHLEY 
Model 149 Milli-microvoltmeter. This method revealed 
appese oltput from the laser-oscillator of 1-2 milli- 
Joules On 1Z successive firings. This pulse was 
discovered to be r-f noise from the trigger system. 
The laser tube as filled with 50 torr C.F oI and 470 
tommearcon. The capacitor was charged to 20 KV for 
each firing and discharged on trigger command. 

It is recommended that further characteristic measurements 

be made of both the xenon-pumping pulse and the laser output 


when the aforementioned proper detectors become available. 
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